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DESIGN  AND  OPERATION  OF  A  OT-PRESSITIE  ABSORPTION*  PLANT. 


By  W.  P.  Dykkma  and  A.  A.  Chexoweth. 


INTRODUCTION. 

Many  recent  and  surprising  developments  in  low-pressure  absorp- 
tion practice  for  the  recovery  of  gasoline  from  natural  gas,  and  the 
growing  reluctance  of  certain  purchasers  of  refined  or  partly  refined 
products  to  take  blended  gasolines,  have  convinced  the  petroleum 
division  of  the  Bureau  of  Mines  that  a  detailed  description  of  a  large 
plant  treating  rich  casing-head  gas  at  low  pressures  will  be  of  aid  to 
the  industry.  Although  the  product  of  this  plant  is  blended,  it  has 
such  a  vapor  pressure  that  blending  is  not  necessary. 

This  report  deals  with  the  construction,  the  operating  methods,  the 
many  changes  necessitated,  and  the  difficulties  encountered  in  the 
recovery  of  gasoline  from  a  rich  casing-head  natural  gas  by  absorp- 
tion at  low  pressure.  The  results  of  heat  generated  in  the  absorption 
towers  are  particularly  noted,  and  a  possible  means  of  overcoming 
the  undesirable  effect  of  such  heat  is  proposed. 

In  the  pages  following,  the  writers  do  not  review  details  of  the  con- 
struction and  operation  of  compression  and  absorption  plants;  they 
assume  that  the  reader  is  familiar  either  with  practical  plant  opera- 
tion or  with  literature  on  the  subject. 

The  plant  referred  to  was  installed  during  the  winter  of  1916-17  in 
the  Gushing  oil  field  in  Oklahoma.  Far  from  a  perfect  result  has 
been  achieved  in  the  plant ;  nevertheless  a  more  or  less  detailed  state- 
ment of  the  main  features  of  the  plant  and  its  operation  will  probably 
interest,  and,  it  is  hoped,  aid  those  persons  operating  or  designing 
absorption  plants  to  treat  similar  gases.  The  plant  was  designed  and 
is  operated  as  a  low-pressure  installation,  the  specification  for  the 
absorption  tower  calling  for  steel  work  to  sustain  a  maximum  pressure 
of  15  pounds  per  square  inch.  The  gas  used  comes  from  approx- 
imately 30  wells,  drilled  to  the  Bartlesville  sand,  and  producing  oil 
and  gas  of  good  quality. 

A.  A.  Chenoweth  was  in  charge  of  the  construction  and  afterwards 
of  the  operation  during  the  period  from  April,  1917,  to  September, 
1919.  Construction  work  began  September  4,  1916,  but  because  of 
delays  in  the  receipt  of  material  and  changes  in  the  plans,  the  plant 
was  not  ready  until  the  end  of  April,  1917.  A  vacuum  and  booster 
station,  with  all  gathering  and  distributing  lines  and  well  connections, 
was  installed  at  the  same  time,  as  well  as  a  water-supply  system — the 
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water  for  which  is  obtained  from  a  central  power  station,  that  was 
also  arranged  to  light  the  absorption  plant.  Included  is  a  loading 
rack  and  switch  with  a  capacity  of  five  cars,  the  pipe  lines  to  and 
from  the  storage  tanks  being  so  arranged  as  to  load  by  gravity  into 
open  cars. 

The  possible  benefit  to  the  industry  of  a  report  on  this  plant  and  an 
outline  of  the  data  required  was  suggested  by  W.  P.  Dykema,  in  Feb- 
ruary, 1919,  and  arrangements  were  made  later  by  him  to  carry  out  the 
scheme  suggested  with  A.  A.  Chenoweth,  who  was  in  charge  of  the 
plant,  to  gather  the  data  necessary  for  this  paper.  For  this  purpose 
the  junior  author  was  made  a  consulting  engineer  in  the  Bureau 
of  Mines. 

Part  I  of  this  paper  includes  a  detailed  outline  of  the  plant  and  its 
regular  operation  with  records  of  temperatures,  pressures,  production, 
and  changes  in  equipment.  Part  II  considers  data  on  the  latent 
heat  of  absorbed  gases  and  a  proposed  means  of  overcoming  the 
increase  in  temperature  of  the  oil  as  it  circulates  through  the  towers. 

ACKNOWLEDGMENTS. 

The  writers  acknowledge  the  courtesies  extended  and  the  informa- 
tion given  them  by  Messrs.  S.  C.  Carney,  William  Logsdon,  and  John 
Q.  Adams,  all  of  whom  have  been  connected  with  the  operation  of  the 
plant  since  September,  1919. 

Much  use  has  been  made  of  Bureau  of  Mines  publications  on  this 
and  kindred  subjects,  also  of  text  books  on  heat  engineering. 

While  the  paper  was  in  preparation  and  after  the  first  manuscript 
was  fully  drawn  up,  Mr.  Thomas  R.  Weymouth  gave  the  writers  inval- 
uable information  and  detailed  criticism.  Dr.  R.  P.  Anderson,  of 
the  United  Natural  Gas  Co.,  reviewed  the  data  critically  and  made 
many  suggestions  which  have  also  been  incorporated  in  this  paper. 

PART  I. 

GAS  LINES  AND  VACUUM  PLANT. 

The  kind  and  approximate  quantity  of  gas  available  were  deter- 
mined before  construction  work  was  started,  yet  the  plant  has  never 
been  called  upon  to  treat  the  quantity  of  gas  at  that  time  considered 
as  present  in  the  wells.  It  was  thought  that  the  wells  would  yield 
daily  3,000,000  feet  of  gas  averaging  3  J  gallons  per  thousand.  Figure 
2  shows  that  the  greatest  amount  in  any  one  day  was  not  over  two- 
thirds  of  the  gas  reported  as  available,  a  rapid  decline  in  gas  volume 
being  characteristic  of  wells  in  the  Cushing  pool. 

Figure  1  gives  the  general  layout  of  the  gathering  lines.  Each 
160-acre  lease  is  connected  with  the  plant  by  means  of  a  com- 
plete circuit  of  gathering  pipe  lines,  there  being  no  dead  ends  in 
the  main  lines.     In  the  system  of  gathering  lines  the  arrangement 
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of  valves  is  such  that  in  case  of  accident  it  is  unnecessary  to  cut  off 
more  than  one-fourth  of  the  wells  in  use  at  any  one  time.  The 
value  of  this  arrangement  for  continuous  operation  was  demonstrated 
soon  after  the  plant  started. 

Table  2  (p.  11)  shows  the  monthly  averages  of  production,  tem- 
peratures, and  gas  volumes  from  May,  1917,  to  January,  1920. 

Figure  2  shows  graphically  the  same  data  as  Table  1,  except  that 
the  averages  are  by  weeks.     It  is  the  record  as  kept  at  the  plant. 

Figure  3  shows  diagrammatically  the  oil  and  gas  flow  lines  through- 
out the  entire  plant.     (See  p.  5). 

ENGINE-ROOM    EQUIPMENT. 

All  gas  entering  the  plant  is  measured  by  proportional  meters  and 
in  all  reports  of  data  on  plant  operation  the  readings  shown  are 
reduced  to  atmospheric  pressure,  each  lease  being  on  a  separate 


Fig.  1.— General  laj'out  of  gathering  lines,  a,  plant;  ft,  valves;  c,  meter. 


meter.  The  customary  "scrubbers"  are  installed  on  the  suction  of 
each  of  the  four  vacuum  pumps;  three  are  17  by  12  inch  duplex 
single-stage  pumps,  belt-driven  by  50  hp.  single-cylinder  two-cycle 
gas  engines.  The  fourth  vacuum  pump  installed  later  is  a  17  by  12 
inch  duplex  single-stage  pump  driven  as  the  others.  Under  the 
same  roof  are  two  14  by  10  inch  single-cylinder  belt-driven  pumps 
used  as  boosters  for  residue  gas.  Each  of  these  machines  is  capable 
of  handling  415  cubic  feet  per  minute,  and  except  during  the  period 
of  peak  load  can  by  working  to  capacity  dispose  of  all  the  residue, 
maintaining  a  pressure  of  15  pounds  per  square  inch  in  the  distri- 
bution lines.  There  is  also  a  small  two-stage  10  and  5^  by  12  inch 
compressor  in  the  same  building,  which  is  used  as  a  one-unit  com- 
pression plant  to  treat  vapors  from  condensor  and  still.  The  gas 
engine  that  drives  the  compressor  also  furnishes  power  for  water 
circulation.  Auxiliary  apparatus  consists  only  of  three  centrifugal 
pumps  for  water,  an  air  compressor,  and  a  gas  engine  for  supplying 
air  to  start  the  engines. 
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GATHERIXG-SYSTEM   PRESSURES. 

For  the  first  five  months  no  attempt  was  made  to  put  a  vacuum 
on  the  wells.  During  this  period  the  tower  pressure  was  held  as 
high  as  possible,  the  towers  having  no  trap  or  seal  to  keep  gas  from 
following:  the  oil-outlet  line  into  the  saturated  oil  tanks.  Later  it 
was  thought  advisable  to  decrease  the  pressure  on  the  wells,  and 
accordingly  the  pressure  was  slowly  lowered  until  an  average  vacuum 
of  15  inches  of  mercury  was  maintained  steadily  until  September, 
1918,  when  the  vacuum  was  increased  to  21  inches  at  the  pumps, 
or  19  to  20  at  the  wells.     Figure  2  shows  plainly  the  effect  of  these 
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FIG.  2 


May  to  Dec,  1917.  Jan.  to  Dec,  191s.  Jan.  to  Dec,  1919. 

—Production  0/  gasoline  by  plant  and  supply  of  gas,   showing  monthly  averages  of  production, 
temperatures,  and  gas  volume. 


changes,  although  other  conditions  influenced  the  increase  shown  in 
production  and  rate  of  recovery.  Under  the  greater  vacuum  the 
altered  conditions  in  the  rest  of  the  plant,  such  as  changes  in  oil 
temperatures,  materially  increased  the  percentage  of  saturation  and 
so  permitted  continuing  a  pressure  of  4  to  6  pounds  in  the  towers. 

Gas  drawn  from  the  wells  is  discharged  directly  from  the  vacuum 
pumps  into  the  absorption  towers  at  a  pressure  ranging  around  4 
pounds  per  square  inch,  control  being  maintained  by  an  8-inch 
back-pressure  regulator  assisted  by  an  additional  diaphragm  con- 
nected to  the  lever  arm.     As  the  abilit}T  of  the  two  towers  in  parallel 
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to  receive  and  pass  a  flow  of  gas  much  larger  than  ever  comes  to 
the  plant  was  recognized  soon  after  operation  began,  it  was  decided 
to  permit  all  gas  to  go  through  the  towers  in  series.  Accordingly 
a  by-pass  was  installed,  and  arrangements  were  made  to  circulate 
gas  and  oil  countercurrent  in  series  through  the  towers.  The  re- 
sulting rise  in  percentage  of  saturation  fully  justified  the  cost  of 
changes.  Although  they  are  not,  the  towers  can  still  be  operated 
in  parallel. 

COOLING    WET    GAS. 

In  the  original  plan  of  the  plant  no  provision  was  made  for  cooling 
the  gas  before  it  went  to  the  towers.  After  some  months  this  matter 
received  attention,  coincident  with  the  installation  of  cooling  coils 
for  the  recovery  of  condensate  in  the  still  vapor  from  condensers, 
with  a  resulting  drop  in  temperature  during  the  hot  months  of  40  to 
60°  F.  This  effect  was  achieved  by  using  ten  2-inch  pipes  arranged 
in  headers  so  that  each  received  one-tenth  of  the  total  volume,  the 
whole  system  of  pipes  being  under  a  water  spray  in  the  louver  tower, 
at  a  temperature  of  85  to  102°  F.  After  passing  through  the  spray 
nozzles  the  water  settled  into  the  storage  pit  below,  6  to  15  degrees 
cooler. 

While  the  information  shown  in  Part  II  was  being  recorded,  pressure 
gages  placed  in  gas  lines  entering  and  leaving  the  absorption  tower 
showed  a  drop  in  pressure  of  approximately  2  pounds  during  the 
periods  of  normal  flow,  but  the  difference  became  much  greater  when 
the  quantity  of  gas  increased,  as  during  the  late  afternoon.  Then  the 
"  wet' '  inbound  gas  often  registered  a  pressure  of  5  to  6  pounds,  though 
the  discharge  residue  gas  pressure  was  not  over  2  or  3  pounds. 

This  fluctuation  of  tower  pressure  was  overcome  in  November, 
1919,  by  the  superintendent,  C.  S.  Carney,  who  found  that  the  back- 
pressure regulator  was  not  sensitive  enough  at  this  low  pressure,  and 
accordingly  compounded  the  regulator. 

ABSORPTION  TOWERS. 

Figure  4  shows  in  detail  the  construction  of  the  two  absorption 
towers,  which  are  arranged  for  use  either  in  series,  the  method  adopted, 
or  in  parallel,  the  method  originally  planned.  The  towers,  12  feet  in 
diameter  and  48  feet  high,  are  built  of  light  boiler  plates  riveted 
together.  They  are  "baffled"  with  f  by  4  inch  wood  strips  spaced 
f  inch  apart  and  set  on  edge.  Each  layer  is  placed  at  an  angle  of  30° 
with  the  one  below,  thus  causing  a  spiralled  effect  which  divides  and 
unites  the  upward  traveling  streams  of  gas.  The  lower  edge  of  each 
strip  is  notched  by  a  saw  kerf  measuring  approximately  re  by  -^ 
inch,  in  order  to  prevent  large  quantities  of  oil  traveling  to  the  ends 
of  the  strips  and  possibly  thence  to  the  walls  without  coming  in  con- 
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tact  with  the  gas.  The  towers 
proved  successful  in  dividing 

the  oil  into   small   particles,  as 

was  observed  before  the  towers 
wore  put  into  service.  To  as- 
certain  just  how  the  oil  might 
be  broken  up,  water  was  cir- 
culated at  approximately  the 
probable  rate  for  oil,  or  100 
gallons  per  minute.  Through 
open  manholes  a  fine  steady 
shower  of  water  could  be  seen 
falling  through  the  open  spaces; 
no  point  showed  greater 
amounts  than  another,  nor  was 
there  any  sign  of  water  follow- 
ing the  walls. 

The  restricted  area  of  the 
tower  is  approximately  48.5 
per  cent  of  the  total  area  of 
112.3  square  feet,  or  54.5 
square  feet.  Using  the  ele- 
mentary formula: 

Q  =  4D3V°rV=0^8MD» 
The  velocity  in  the  unbaffled 
parts  of  these  towers  for  a  max- 
imum flow  of  1,400,000  feet  of 
gas  per  24  hours,  at  approxi- 
mately 3  pounds  pressure,  is 
7.5  feet  per  minute;  in  baffled 
parts  it  is  15  feet  per  minute. 
For  a  minimum  flow  of  600,000 
feet  of  gas  per  24  hours,  at  3 
pounds  pressure,  the  velocities 
are  3.1  and  6.2  feet  per  minute, 
respectively. 

The  simple  formula  given 
above  is  deemed  accurate 
enough  for  a  calculation  based 
on  a  24-hour  period,  as  the 
variation  in  volume  from 
hour  to  hour  is  much  greater 
than  the  error  of  the  equation. 


Fio.  4.— Scrubber  tower:  a,  oil  inlet;  6, 16-inch  gas  out- 
let; c,  16-inch  manhole;  d,  pan;  e,  21-inch  manhole; 
/,  hurdle  boards;  g,  2  by  2  inch  spacers;  h,  12-inch 
nozzle;  i,  oil  outlet. 
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These  velocities  allow  any  one  particle  of  gas  to  be  in  contact  with 
the  descending  oil  for  approximately  2f  minutes  during  the  most 
rapid  movement.  Observations  taken  when  all  gas  was  drawn  from 
a  tower  and  later  replaced  tend  to  bear  out  these  calculated  velocities. 
The  writers  have  often  noticed  that  several  minutes  elapse  from  the 
opening  of  the  gas  inlet  valve  into  the  air-filled  tower  until  the  odor 
and  appearance  of  the  outflowing  gas  stream  justified  closing  the 
waste  gate  and  again  turning  gas  into  the  residue  line. 

OIL  CIRCULATED. 

Oil  circulation  throughout  the  period  of  operation  considered  in  this 
report  was  rather  steadily  maintained  at  100  gallons  per  minute,  the 
variation  being  not  more  than  20  per  cent.  No  appreciable  change 
in  production  was  noted  on  changing  the  rate  of  circulation;  the 
ability  of  heat  exchangers  and  cooling  coils  to  reduce  the  tempera- 
ture of  residue  was  the  governing  factor  in  oil  circulation.  At  one 
time  increased  circulation  of  oil  in  the  tower  that  received  the  gas 
first  was  tried  by  a  recirculation  of  the  same  oil  by  a  separate  pump; 
no  increase  of  gravity  was  noted,  and  only  a  slight  increase  of  tem- 
terature.  One  hundred  gallons  per  minute  circulation,  for  maximum 
average  flow,  gives  103  gallons  per  thousand  cubic  feet  of  gas,  and  for 
minimum  flow,  240  gallons.  These  rates  are  higher  than  are  usually 
employed  in  absorption  plants,  although  most  reports  available  deal 
with  plants  treating  lean  gas  at  higher  pressures,  so  that  comparison 
is  not  justified. 

When  the  cooling  of  the  absorption  oil  is  made  more  efficient,  as 
is  contemplated,  the  oil  circulated  can  be  reduced  with  consequent 
increase  of  saturation  and  a  reduction  of  the  work  required  of  the  still. 

Upon  request  of  the  authors,  D.  B.  Dow,  assistant  chemist  of  the 
Bureau  of  Mines,  visited  the  plant  under  discussion  to  obtain  the 
chemical  control  data  necessary  in  the  analysis  of  certain  plant  func- 
tions.    His  report  and  determinations  are  used  throughout  this  paper. 

CHEMICAL  TESTS  AND  DATA  ON  PLANT. 
By  D.  B.  Dow. 

Table  1  (p.  9)  shows  analysis  of  the  intake  gas,  discharge  gas,  and 
residue  gas  from  the  high-stage  compressors  (working  on  still  vapors), 
the  gravities  taken,  the  heating  value  calculated,  and  the  gasoline 
content  determined. 

The  hydrocarbons *  present  in  these  different  gases  have  all  been 
determined  as  methane  and  pentane,  not  because  other  hydrocarbons 
are  absent,  for  probably  a  dozen  members  of  the  series  are  present  in 
varying  amounts,  but  because  in  a  combustion  analysis  of  a  gas  only 

i  Dow,  D.  B.,  Effects  of  gasoline  removal  on  the  heating  value  of  natural  gas,  Tech.  Paper  253,  Bureau  of 
Mines,  1920,  23  pp. 
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two  hydrocarbons  can  be  determined,  consequently  all  of  the  gases 
and  vapors  present  are  included  in  the  figures  for  methane  and  pen- 
tane.  The  analysis  is  made  primarily  to  obtain  the  heating  value 
of  the  gas,  and  though  the  figure  for  pentane  is  not  the  actual  per- 
centage present,  yet  this  figure  coupled  with  the  figure  for  methane 
when  multiplied  by  the  factors  used  (CH4  =  1,065  B.  t.  u.  per  cubic 
foot;  C5II,,  =  4,250  B.  t.  u.  per  cubic  foot,  gross  heating  value3)  to 
obtain  the  heating  value,  will  give  practically  the  same  heating 
value  that  would  be  obtained  by  burning  the  gas  in  a  calorimeter. 
The  same  analysis  may  be  computed  to  another  set  of  paraffin  hydro- 
carbons, but  such  data  would  be  of  no  greater  value  than  the  methane 
and  pentane  as  given. 

Table  1. —  Tests  of  gasoline  plant,  analysis  of  gas. 


Item. 


Intake  gas. 


July, 
1919. 


February, 
1920. 


Discharge  gas. 


July, 
1919. 


Residue 
_|  gas  from 
high-stage 
|     corn- 
February,   pressor, 
1920.      February, 
1920. 


Methane,  per  cent 

Pentane.  per  cent 

Carbon  dioxide,  per  cent 

Oxygen ,  per  cent 

Residue  (largely  nitrogen),  per  cent 

Total 

Gross  heat  value,  air-free,  B.  t.  u 

Specific  gravity,  calculated 

Gasoline  content^  gal.  per  M 


.54.00 
32.49 
.44 
3.34 
9.73 


37.01 
41. 04 
1.08 
7.03 
13.24 


51.66 
20.60 
.50 
6.71 
20.41 


51.61 

26. 24 

.53 

4.24 

17.37 


56.69 

36.97 

.70 

.35 

5.28 


100.00 


100.00 


99.99 


99.99 


2,356 
1.28 
5.3 


3,337 

1.58 

x.o 


2,145 
1.11 


2,112 
1.21 
.055 


2,214 
1.32 
.062 


a  Determined  by  absorption. 

The  gas  after  passing  through  the  absorption  towers  has  a  very  low 
gasoline  content  (0.055  gallon  per  1,000  cubic  feet),  notwithstanding 
the  fact  that  the  heating  value  of  this  gas  is  still  about  2,000  B.  t.  u. 
in  one  test  and  about  1,900  in  the  other — higher  value  than  for  most 
wet  gases.  The  residual  gas  from  the  high-stage  compressor  rep- 
resents a  large  part  of  the  permanent  gases  which,  although  not  gaso- 
line, were  absorbed  in  the  gas  oil  during  treatment  and  subsequently 
driven  off  in  the  still  but  were  never  condensed  nor  compressed  to  a 
stable  liquid.  This  gas  also  has  a  very  low  (0.062  gallon  per  1,000 
cubic  feet)  gasoline  content,  but  a  high  heating  value,  as  the  com- 
ponent gases  were  absorbed  selectively  in  passing  through  the  towers. 

The  nature  of  the  residual  gas  can  be  more  readily  understood  by 
studying  the  distillation  of  the  gasoline  made  by  compression.  This 
gasoline  has  a  gravity  of  96°  B.,  an  initial  boiling  point  of  60°  F.,  and 
an  end  point  of  226°  F.  Only  55  per  cent  of  the  gasoline  was  recovered 
by  condensation  during  the  distillation,  which  shows  not  only  the 
absence  of  any  of  the  gasoline  hydrocarbons  of  higher  boiling  point, 


•  Landolt,  H.,  and  Bornsteiu,  R.,  Physikalisch-chemische  Tabellen,  1905,  pp.  182-185  (by  Dewar). 
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but  also  the  large  proportion  of  very  volatile  and  absorbed  permanent 
gases.     See  distillation  curves  in  figure  5. 

The  gasoline  obtained  from  the  condensers  on  the  still  is  much  more 
stable,  having  a  gravity  of  66.7°  B.,  an  initial  boiling  point  of  90°  F., 
and  an  end  point  of  601°  F.,  whereas  the  oil  from  the  dephlegmator 
bottoms  contains  very  little  gasoline,  its  gravity  is  37.7°  B.,  its  initial 
boiling  point  159°  F,  and  only  20  per  cent  distills  below  486°  F. 
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[Fig.  5. — Distillation  of  products:    a,  dephlegmator  bottoms;  6,  absorption  products;  c,  compression 

product. 

The  absorbent  used  in  this  plant  has  the  following  characteristics: 
Characteristics  of  absorbent  oil. 

Initial  periling  point,  °  F 340 

Flash  point,  °  F 230 

Fire  point,  °F 272 


Distillation 

of  compression  gasoline, 

gravity  96° 

B. 

Per 
cent. 

Temp.,        Per 
°  F.          cent. 

Temp.,       Per 
°  F.         cent. 

Temp., 
°  F. 

Per 
cent. 

Temp., 

Initial . . . 

60     20 

..     96     40 

138  1 

(end)  226 

10 

....     81      30 

..  116     50 

174  | 

Distillation  oj 

gasol 

inefrom  condensers 

gravity  66 

7°  B. 

Per 
cent. 

Temp.,        Per 
°  F.         cent. 

Temp.,      Per 
°  F.        cent. 

Temp., 

Per 
cent. 

Temp., 

Initial... 

90 

30 

..   172     60 

249 

90 

560 

10 

122 

40 

..  193     70 

330 

End 

601 

20 

150 

50 

..  214  1  80 

475 

Distillation 

of  dephlegmator  bottoms,  gravity  .37.7 

0  B. 

Per. 
cent. 

Temp.,        Per 
°  F.         cent. 

Temp.,       Per 
°  F.        cent. 

Temp., 

°  F. 

Per 
cent. 

Temp., 

Initial. .. 

159 

30.... 

..  515  i  60 

557 

90 

618 

10 

360 

40.... 

..   531 

70 

576 

Cracking 

20 

486 

50.... 

..  544 

80 

595 
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A,    TOWER   AND  OIL  TRAP. 


li,    CONDENSERS.     DEPHLEGM ATORS.     HEAT     EXCHANGERS,     AND     STILL 
EVAPORATORS  DURING  CONSTRUCTION. 


RESIDUAL  GAS. 
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RESIDUAL  GAS. 


(HI.     [-RAP. 


On  account  of  the  low  velocity  of  the  gas  no  large  amount  of  oil  is 
ever  carried  through  the  lines  leading  gas  from  the  towers.  To  pre- 
vent an\  escape  of  oil  and  to  reduce  the  volume  of  water  carried, 
>|>.Miall\  made  traps  or  separators  are  installed  on  the  outlet  of  each 
tower.  These  traps  are  cylindrical,  measuring  24  by  48  inches, 
having  inlet  and  outlet  ( 12  inches  diameter)  near  the  top  on  the  same 
level,  with  a  4-inch  drain  flange  in  the  center  of  the  dished  bottom. 
They  are  filled  with  closely  spaced  metal  strips  as  indicated  in  figure  6. 
The  location  and  general  appearance  of  these  traps  are  shown  in 
Plate  1,  A.  On  the  dry  gas  line  an  additional  trap,  or  drip,  construct- 
ed in  the  ordinary  way  had  to  be  installed,  which  removes  large 
quantities  of  water  from  the  gas.  In  order  to  reduce  damage  to  the 
dr\  gas  booster,  a  scrubber  tank  was  placed  in  the  tower  residue 
line  near  the  intake  of  the  pumps. 

Table  2. — General  plant  data. 


Month. 


1917. 

May 

June 

July 

August 

September 

October 

November 

December 

1918. 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

1919. 

January 

February 



April 

May 

June 

July 

August 

September 

October 

November 

December 


Average 
maximum 

tem- 
perature, 
°F. 


65 

48 

36 
53 
66 
68 
81 
92 

93 
95.  5 

vl 
7s 
58 
50 

40 
51 
53 
68 


105 

74 
48 
38 


Average 

volume 

gas  treated, 

1,000  cubic 

feet. 


1,010 
1,082 
1,342 

1,339 

1,192 
1,312 
1,412 
1,210 

1,166 

1,530 
1,562 
1,610 
1,408 
1,402 

1,486 
1,480 
1.  112 
1,322 
1,352 
1,294 

1,070 
1,347 
1,028 
1.195 
1,115 
964 

946 

1,030 

1,054 

908 

874 

MS 


Gasoline." 


Average 
yield. 


525 

722 

1,210 

1,800 

1,500 
1,740 

1,750 
2,000 


1,800 
2,340 
2,474 
2,824 
2,660 
3,071 

2,960 
3,900 
4,425 
4,900 
4,550 
5,500 

4,975 
4,000 
4,580 
3,725 
4,778 
5,320 

4,260 
4,3f,4 
5,179 
5,721 
6,912 
7,175 


Yield 

per  1,000 

cubic 

feet. 


0.52 
.66 
.90 

1.34 

1.26 
1.33 
1,24 
1.65 

1.54 
1.53 
1.58 
1.75 
1.90 
2.19 

2.00 
2.63 
3.13 
3.70 
3.37 
4.25 

4.65 
2.97 
4.45 
3.12 
4.28 
5.52 

4.50 
4.27 
4.95 
6.43 

l>  7.90 
&8.45 


o  Production  as  measured  before  blending  or  weathering  (sec  p.  12). 

b  This  marked  increase  in  production  is  due  to  the  installation  of  additional  cooling  coils,  to  regulation 
of  back  pressure,  and  somewhat  to  cooler  weather. 
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TREATMENT    AND    USE. 


After  the  gas  has  passed  through  the  towers  and  is  separated  from 
all  the  oil,  it  is  compressed  and  discharged  into  the  distributing  serv- 
ice lines  and  used  in  the  same  manner,  and  with  practically  the  same 
results,  as  untreated  or  undried  gas  was  formerly  used.  There  is 
some  reduction  in  volume  and  in  heating  value. 


Twenty-four  V-inch  machine  bolts 


lotted  vapor  passages 
/        in  the  baffles 


DETAIL  UF  VERTICAL  BAFFLES 


-l)i-inch  forged  steel  flange 
VERTICAL  SECTION 

Fig.  6.— Details  of  oil  trap. 

GASOLINE    CONTENT. 


Production  records  given  in  Table  2  and  figure  2  show  that  the 
yield  of  gasoline  per  1,000  cubic  feet  ranged  from  0.52  gallon  when 
the  plant  was  first  started  to  8.45  gallons  in  December,  1919.  Table  1 
shows  the  gasoline  content  of  the  residue  gas  from  the  tower  treat- 
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toaat  was  0.055  gallon  per  1,()00  cubic  feet  and  that  of  the  residue 
still  vapors  was  0.062  gallon  per  1,000  cubic  feet. 

At  the  time  0.52  gallon  per  1,000  cubic  feet  was  being   produced 

M;i\  .  L917)  no  vacuum  was  maintained  on  the  wells;  the  gas  at  that 
time  was  estimated  t<>  contain  only  3  gallons  of  gasoline  per  1,000 
feet,  the  still-vapor  cooling  coils  were  inadequate,  and  no  compressor 
was  used  for  the  still  vapor.  At  the  time  (December,  1919)  when  the 
production  reached  8.45  gallons  per  1,000  cubic  feet,  the  many  new 
developments  described  in  the  following  pages  had  been  made,  in- 
cluding a  still-vapor  compressor  that  yields  70  per  cent  of  the  total 
production  as  measured  under  30  pounds  pressure  before  blending 
with  crude  and  fuel  oil.  In  May,  1920,  steps  were  being  taken  to 
increase  the  percentage  of  gasoline  precipitated  from  the  still  vapors 
before  compression.  This  ratio  should  be  reversed  to  about  70  per 
cent  from  still  coils  and  30  per  cent  from  compressors. 

1 '.  M .  Biddison  3  reports  a  loss  of  volume  of  about  3.5  per  cent  from 
each  thousand  feet  of  gas  for  every  gallon  of  condensate  recovered. 

This  value,  taken  with  an  average  of  4  gallons  per  thousand,  gives  a 
reduction  in  gas  volume  of  4x3.5=14  or  15  per  cent.  Results  of 
orifice-meter  measurements  of  wet  and  dry  gas  at  the  plant  give  a 
difference  in  volume  of  approximately  27  per  cent,  18  per  cent  of 
which  may  be  accounted  for  by  the  gasoline  recovered  and  measured, 
and  the  balance,  (1)  by  dissolved  gas  that  is  not  condensible  after 
the  oil  is  treated  in  the  still  and  condensed  vapors  that  weather  away, 
and  (2)  by  leaks  in  the  large  absorption  towers  and  piping. 

OIL,  OIL  CIRCUIT,  TREATMENT,  AND  CONTROL. 

The  absorbing  oil  passes  through  the  entire  course  of  the  plant  in 
a  closed  circuit  of  pumps,  towers,  settling  tanks,  stills,  and  heat 
exchangers  or  cooling  coils.  In  the  abstract  no  loss  is  necessary, 
although  in  the  course  of  many  months  the  loss  in  operation  through 
leaks  and  breaks  averages  6  gallons  to  each  thousand  gallons  of 
condensate  recovered.  This  loss,  of  course,  has  no  appreciable 
effect  on  costs.  A  storage  tank  holding  14,000  gallons  is  kept  partly 
filled  at  all  times  with  fresh  unused  ''gas  oil,"  the  medium  used  as 
an  absorbent.     This  oil  in  general  filled  the  following  specifications: 

iS pecijicalions  for  gas  oil. 

Plash  point 230°  F. 

Fin-  test 272°  F. 

Gravity 35-37°  B. 

Initial  point 340°  F. 

Viscosity 47  Saybolt  (100°  F.). 

'  Biddison,  P.  M.,  The  reduction  in  heating  value  through  recovery  of  gasoline  content,  Natural  Gas 
and  Gasoline  Journal,  August,  1917,  p.  213.  Also,  Dykema,  W.  P.,  Recent  developments  in  the  absorption 
process  for  recovering  gasoline  from  natural  gas,  Bureau  of  Mines,  Bull.  176,  1919,  p.  20. 
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No  trouble  was  experienced  emulsifying  oil  from  condensed  water 
from  the  steam  allowed  to  enter  the  evaporator  or  vapor  tower. 

Often  a  large  amount  of  water  was  drawn  from  the  residue-oil 
storage  tank,  and  very  little,  or  none  at  all,  from  the  two  tanks  that 
held  saturated  oil.  This  fact  shows  one  beneficial  result  of  large 
vent  or  storage  tanks,  as  opposed  to  those  sometimes  used  where 
the  supply  of  oil  in  use  barely  suffices  to  provide  suction  for  the 
pumps.  Water  suspended  as  small  particles  in  the  absorbing  me- 
dium immediately  shows  its  presence  by  the  reduced  saturation 
percentage. 

When  fresh  oil  is  added  to  that  in  circulation,  an  increase  of  pro- 
duction and  a  higher  end  point  are  always  noted.  This  condition 
persists  for  some  days,  resulting  in  a  loss  of  oil  equal  to  some  2  or  3 
per  cent  of  the  total  production  for  that  period.  After  a  few  days 
the  saturated  oil  returns  to  its  normal  gravity  of  35.5°  B.  and  the 
residue  to  33.2°  B;  new  oil  has  a  gravity  of  36°  B. 

There  are  four  light-weight,  steel-riveted  tanks,  with  umbrella 
roofs,  provided  with  6-inch  flanges  for  inlet  and  outlet,  water  drain 
in  the  flat  bottom,  manhole,  and  vent  flange  on  the  roof.  One  of 
these  tanks  is  used  for  storing  absorption  oil.  as  noted  before,  two  are 
for  holding  saturated  oil,  and  the  fourth  is  used  for  receiving  still 
residue  that  has  passed  the  heat  exchangers.  Effort  is  made  to 
keep  these  tanks  at  least  one-third  full,  in  order  to  give  opportunity 
for  the  oil  to  settle  and  for  water  to  separate  and  drain.  Inlet  and 
outlet  openings  are  so  arranged  as  to  give  a  general  circulation  of  the 
oil  in  each  tank.  About  3  hours  and  45  minutes  are  required  to 
transfer  any  single  particle  of  oil  throughout  the  circuit.  Valves 
and  pipe  lines  are  so  arranged  that  either  of  the  tanks  may  be  used 
in  place  of  another,  and  the  same  is  true  of  the  oil-circulating  pumps 
in  the  main  oil  pump  house.     See  figure  3,  page  5. 

OIL   PUMPS. 

Duplex  steam  pumps  are  used,  each  of  which  is  much  larger  than 
required  to  circulate  the  oil.  In  pumping  to  the  absorption  towers  a 
head  of  58  feet  must  be  overcome;  this,  with  the  friction  losses  in  the 
lines  and  coil  makes  a  pump  pressure  of  26  to  28  pounds.  The  tower 
pumps,  of  which  there  are  two,  have  9-inch  steam  cylinders,  6-inch 
fluid  cylinders,  and  10-inch  stroke.  They  are  designed  to  discharge 
against  a  pressure  of  75  pounds  a  total  of  194  gallons  per  minute. 
Arrangement  of  the  lines  by  manifold  on  the  outside  of  the  pump 
house  enables  the  operator  to  change  from  one  pump  to  the  other  or 
to  switch  entirely  to  any  of  the  four  pumps  provided — a  matter  of 
convenience  often  overlooked  in  plant  design.  The  line  discharging 
to  the  north  or  second  tower  has  in  it  a  Venturi  meter,  whose  inlet 
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and  throat  pressure  lines  are  carried  (<>  a  manometer  tube  in  the 
pump  house.    Graduations  on  the  manometer  scale  arc  in  thousands 

of  gallons  per  hour,  indicated  by  means  of  a  rubber  slug  which  floats 
on  the  mercury  of  the  tube.  By  glancing  at  this  gage  the  si  ill  man 
on  duty  checks  up  the  rate  of  circulation. 

Tntil  August.  L919,  the  temperature  of  the  still  and  the  pate  of 
flow  through  it  were  controlled  by  manually  operated  valves  on  the 
still  pump  and  the  outlet  pipe  for  residue  oil.  In  August,  1919,  a 
regulator  automatically  controlled  by  a  thermostat  was  placed  in 
the  steam  line  of  the  still  pump.  Under  this  control  the  tempera- 
ture of  the  still  showed  an  extreme  variation  of  5  degrees,  whereas 
previously  a  range  of  30  degrees  or  more  was  by  no  means  uncommon. 
The  large  surface  in  the  still  fire-box,  which  is  built  of  heavy  masonry, 
held  an  even  temperature  unaffected  by  momentary  fluctuations  of 
gas  pressure.  This  fact  alone  made  impossible  any  chance  of  manual 
operation.  Automatic  control  of  still  temperatures  is  therefore  a 
comparatively  simple  matter,  consisting  merely  in  so  regulating  the 
speed  of  the  pump  used  as  to  provide  a  steady  flow  of  oil  through  the 
pipes  of  the  still.  The  thermostat  used  is  of  the  type  that,  by  means 
of  the  expansion  and  contraction  of  a  heated  bar,  increases  or  de- 
creases a  pressure  of  gas  on  the  diaphragm  of  the  regulator  valve  set 
in  the  steam  line. 

The  still  pump  has  a  7^-inch  steam  cylinder,^8^-inch  fluid  cylinder, 
and  a  10-inch  stroke,  duplex  double-acting,  built  to  operate  at 
50  pounds  and  capable  of  a  maximum  discharge  of  345  gallons  per 
minute.  The  fourth  pump  in  the  main  pump  house  is  identical  with 
the  still  pump  and  is  so  arranged  that  it  can  supplement  the  other 
three  in  an  emergency.  This  point  in  plant  design  is  rarely  recognized, 
especially  in  the  older  plants,  but  should  receive  careful  attention. 
In  this  plant  it  is  the  custom  to  use  in  rotation  at  stated  intervals 
all  pumps  in  service  in  order  to  be  assured  of  their  satisfactory 
operation  in  case  of  accident  to  one  or  more.  A  very  brief  stop  of  oil 
circulation  might  bring  disastrous  results,  mainly  to  the  still  by 
overheating. 

In  a  small  building  near  the  condensate  storage  tanks  are  two 
duplex  steam  pumps;  one,  a  6  and  6  by  10  inch,  is  arranged  by 
manifolding  to  permit  its  transferring  oil  from  any  one  tank  to  any 
other.  This  pump  can  handle  about  80  gallons  of  oil  a  minute,  a 
capacity  sufficient  for  all  uses  to  which  it  is  ever  put.  The  other 
pump,  a  44  and  2f  by  4  inch  steam  duplex,  is  arranged  to  draw  oil 
from  the  tanks  used  as  blend  storage  and  to  discharge  this  oil  through 
a  spray  into  the  tubes  of  the  main  condenser. 

The  rated  capacity  of  all  pumps  used  is  large  enough  to  permit 
their  being  used  at  speeds  much  less  than  rated.     Consequently  they 
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handle  high-gravity  oils  without  trouble  which  they  could  not  do 
if  a  high-piston  speed  were  attempted. 

Steam  at  80  pounds  is  supplied  from  three  gas-fired  locomotive- 
type  tubular  boilers  having  a  combined  rated  capacity  of  100  boiler 
horsepower.  Exhaust  steam  from  the  pump  house  is  used  to  heat 
the  feed  water,  which  is  raised  to  180°  F.  Gas  is  fed  to  the  boilers 
from  the  field  distributing  pipes  at  a  pressure  of  15  to  30  pounds,  and 
is  passed  through  a  regulating  valve  arranged  to  enable  the  use  of  the 
full  pressure.     Boiler  capacity  as  the  plant  is  now  arranged  is  barely 

adequate. 

Table  3.— Operation  data,  August,  1919. 


Still  temperature,  °  F 

Residue  to  No.  1  heat  exchanger,  °  F 

Saturated  oil  from  No.  1  exchanger  to 

still, °F 

Residue  to  No.  2  heat  exchanger,  °  F 

Saturated  oil  from  No.  2  exchanger  to 

No.  1,  °F 

Residue  to  No.  3  heat  exchanger,  °  F 

Saturated  oil  from  No.  3  to  No.  2,  °  F 

Residue  from  No.  3,  °  F 

Saturated  oil  from  absorption  tower  to 

No.  3,  °  F 

Gallons  per  minute ,  residue  and  saturated 

Pounds  per  hour 

B.  t.  u.  per  hour  for  gas  oil  (0.36  specfic 

heat) 

Area  of  surface  in  contact  (square  feet). . . 
B.  t.  u.  per  hour  per  degree  difference  per 

square  foot 

Total  B.  t.  u.  per  hour  given  up  to  satu- 
rated oil  for  each  heat  exchanger 

Boiler  horsepower  per  hour  in  each  heat 

exchanger 


300 

2X0 


161 
235 


140 
180 


121  |  120 
150     165 


97 
100 

42,000 

15,120 
1,957 


100 


'.'7;, 
255 

159 

215 

138 
l!Al 
121 
165 

97 

100 


-'7(1 
250 

160 
215 

140 
190 

120 
160 


270 
280 

160 
220 

139 
195 
122 

170 

96 

100 


276 
257 

160 
220 

140 
190 
121 
163 

97 

100 

42,000 

15, 120 
1,957 


378,000 
12 


Area,  210  tubes,  2  inches  outside  diameter,  18  feet  long,  1,957  square  feet  in  each  heat  exchanger. 
Velocity  of  100  gallons  per  minute  through  4  inches,  2.5  feet  per  second  or  130  feet  per  minute. 
Velocity  of  100  gallons  per  minute  through  |  of  tube  area,  0.30  foot  per  second  or  18  feet  per  minute. 
Average  increase  or  decrease  in  temperature  of  oil  through  one  heat  exchanger,  25°  F. 
1  boiler  horsepower  is  equivalent  to  33,500  B.  t.  u. 

HEAT  EXCHANGERS. 

Absorption  oil  after  discharge  from  the  evaporator  of  the  still  goes 
through  a  series  of  three  Trumble  tubular  heat  exchangers.  Details 
of  the  construction  of  these  exchangers  are  given  in  figure  7.  Oil 
from  the  still  reaches  them  at  a  temperature  some  20  to  30  degrees 
below  the  still  temperature.  Contact  with  the  saturated  oil,  passing 
countercurrent,  reduces  the  temperature  of  the  oil  from  the  still 
about  100°  and  raises  the  temperature  of  the  saturated  oil  40  to  60°. 
Actual  temperatures  of  oil  passing  in  and  out  of  the  exchangers  are 
shown  in  Table  3.  From  the  data  shown,  the  heat  exchange  is 
8  B.  t.  u.  per  hour  per  square  foot  per  degree  of  difference,  this  result 
being  obtained  from  data  taken  soon  after  the  tubes  had  been  care- 
fully cleaned.  The  use  of  oil  on  both  faces  of  the  heat  exchanger 
tubes  has  been  practiced  since  May,  1919.  Prior  to  that  date  two 
of  the  exchangers  were  actually  used  as  coolers,  water  being  passed 
through  the  tubes  and  hot  residue  oil  on  the  outside.     Data  in  Table  4 
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show  that  when  water  is  ased  the  heal  exchange  between  water  and 
oil  is  24.8  B.  t.  u.  per  hum-  per  fool  per  degree. 

These  heat  exchangers  operate  by  gravity  flow  as  regards  the  hot 
outward-bound  oil,  the  total  head  through  thorn  from  the  oil  level 
in  the  evaporator  to  that  in  the  storage  tank  being  17  feet.  The 
air-vent  pipe  provided  rises  above  the  level  of  the  oil  in  the  evaporator. 


The  saturated  oil  passing  into  the  still  is  pumped  through  the  tubes 
of  the  heat  exchangers  by  the  still  pump  at  about  12  to  14  pounds 
pressure.  Velocity  of  flow  affects  materially  the  interchange  of  heat 
in  any  heat  exchanger.  Use  of  the  exchangers  saves  fuel  for  the 
stills,  the  saving  bring  more  of  course  during  the  last  few  months  of 
the  period  considered,  as  then  they  operated  strictly  as  heat 
exchangers.  The  amount  of  heat  absorbed  by  the  ingoing  saturated 
oil  und  its  value  in  boiler  horsepower  are  shown  in  Table  4. 
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Table  4. — Operation  data,  July,  1919. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

Average. 

1.  Still  temperature,  °  F 

2.  Residueto  No.lheatexchangerfromstill,0F 

4.  Residue  oil  from  No.  3  to  storage,  °  F.  . 

5.  Water  to  No.  3,  °  F 

265 

265 

265 

255 

272 

270 

250 

260 

270 

263 

200 
135 
85 
92 

190 
140 
85 
90 

200 
130 
80 
90 

2fX) 
122 
85 
90 

204 

135 
85 
95 

206 
140 
80 
90 

180 
130 

Si 
95 

1% 
125 
85 
92 

200 
130 
75 
85 

197 

132 

80.5 

6.  Water  from  No.  2,  °  F 

91 

7.  Pounds  of  water  per  hour  through  Nos.  2 
and  3... 

97,000 

8.  Velocity  of  water  through  one-sixth  of 

42 

9.  Velocity  of  residue  through'one-sixth  of 

18 

1,020,000 

"4.  8 





30.4 

13.  Area  of  surfaces  in  contact,  two  heat  ex- 

1 

3,914 

1 

97,000  pounds  water  per  hourxl0.5°  rise  in  water  temperature=  1,020,000  B.  t.  u. 

6,000  gallons  per  minuteX7.02  pounds  per  gallonX0.36  specific  heatX65°  loss  in  oil  temperature=9S4,000 
B.  t.  u. 


V=3 


V 


L.XD 


=4.9  feet  per  second  for  4-inch  pipe,  or  195  gallons  per  minute. 


'  L+54D 

195  gallons  per  minute= 97,000  pounds  per  hour. 
Where  L=hp-h« =28 poundsX2.3-[3XH+8X1.5]=19. 


Table  5 

— Distillation  of  dephiegmator  bottoms. 

Gasoline. 

Residue  gas 
oil. 

Saturated 
gas  oil. 

Hour. 

Grav- 

Tem- 
per- 
ture, 
°F. 

Ini- 
tial 
b.p. 

Per 

cent 
off  at 
212°. 

Per 
cent 
off  at 
390°. 

Final 
b.p. 

Loss, 

Date. 

Grav- 

Tem- 

Grav- 

Tem- 

Grav- 

Tem- 

per 

cent. 

ity. 

ture. 

ity. 

ture. 

ity. 

ture. 

1917. 

Nov.  26.... 

6p.m. 

52.5 

134 

104 

10 

68 

565 

61 

73 

36 

89 

38 

SI 

2 

26.... 

4  a.m. 

63.0 

7s 

96 

30 

84 

528 

62 

67 

36 

84 

38 

78 

8 

27.... 

11  a.m. 

61.1 

94 

96 

2S 

556 

62 

66 

36 

88 

38 

78 

7 

27.... 

11  p.  m. 

65.5 

83 

88 

38 

85 

508 

63 

65 

36 

79 

38 

73 

6 

27.... 

4  a.  m. 

60.4 

105 

92 

24 

78 

534 

64 

65 

37 

73 

39 

71 

9 

28.... 

11  a.  m. 

61.3 

93 

98 

31 

83 

544 

64 

61 

36 

78 

39 

69 

6 

28.... 

11  p.m. 

54.6 

122 

109 

9 

70 

570 

57 

72 

36 

84 

39 

73 

3 

28.... 

4  a.m. 

57.6 

116 

97 

23 

79 

542 

58 

70 

36 

83 

39 

73 

7 

29.... 

11  a.m. 

62.3 

90 

101 

38 

84 

516 

58 

66 

36 

81 

38 

72 

5 

29.... 

11  p.  m. 

60.8 

93 

98 

21 

80 

545 

60 

67 

36 

85 

38 

73 

4.5 

29.... 

4  a.  m. 

60.2 

105 

96 

26 

81 

542 

61 

64 

36         84 

39 

70 

5 

30.... 

11  a.m. 

55.6 

113 

110 

15 

74 

557 

62 

69 

36 

79 

38 

74 

5 

30.... 

11  p.m. 

63. 1 

73 

87 

32 

85 

530 

57 

6S 

36 

90 

38 

77 

4 

30.... 

4  a.m. 

62.5 

SO 

90 

30 

82 

542 

58 

67 

36 

83 

39 

74 

6 

Dec.     1 

11  a.  ni- 

60.6 

91 

97 

31 

80 

543 

59 

70 

36 

84 

38 

76 

5 

1.... 

ll  p.  m. 

65.8 

85 

91 

40 

85 

512 

60 

65 

36 

87 

38 

79 

7 

1.... 

4  a.m. 

61.4 

90 

93 

34 

80 

538 

60 

65 

37 

86 

3S 

76 

6 

11  a.  m. 
3  p.m. 
3  p.m. 

62.8 
48.4 

57 
120 

92 
112 

32 
9 

91 
55 

546 
590 

4 

16... 

3 

", 

51.7 

116 

118 

13 

59 

.564 

4 

1918. 

Feb.     7.... 
1920. 

2  p.m. 

6L8 

79 

95 

39 

560 

Feb.  22.... 

10  a.m. 

37.7 

127 

159 

25 

15 

618 

Dephiegmator  temperature  before  Jan.  1, 1920,  was  120  °F.,  and  on  Feb.  22,  1920,  was  156°  F.    Tempor- 
al ure  raised  from  120°  F.  to  156°  F. 

DESIGN  AND  OPERATION  OF  STILL. 

Plate  I,  B  (p.  10),  shows  condensers,  dephlegniators,  heat  ex- 
changers, and  still  evaporators  during  construction. 

Gas  is  burned  under  the  still  for  heating  the  oil,  in  low-pressure  burn- 
ers mounted  near  the  front  wall  of  the  brick  setting.  The  still  shown 
in  figure  9  (p.  20)  consists  of  two  halves,  synxmetrical  about  a  single 
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vertical  evaporator  or  vapor  tower.  Each  still,  heated  by  two 
burners,  is  composed  of  forty-eight  4-inch  pipes  arranged  in  a  con- 
tinuous coil  or  worm,  each  run  being  18  feet  0  inches  in  length.  The 
pipe-  are  made  up  in  pairs  screwed  into  n  threaded  cast-steel  flange, 
which  is  bolted  to  a  flanged  return  bend  for  convenience  in  opening 
and  inspecting.  Eaehhalf 
of  the  still  may  be  oper- 
ated irrespective  of  the 
other,  and  has  been  so 
operated  at  different  times 
for Tarying  periods.  Oper- 
ation of  one  half  of  the 
still  showed  no  noticeable 
effect  on  the  quality  of  the 
condensate  and  no  failure 
to  carry  the  load.  The 
usual  method  is  to  use 
both  sides  of  the  still  to- 
gether, as  this  enables 
closer  regulation  of  the 
flow.  One  burner  only  is 
used  under  each  still  when 
the  still  temperature  is 
carried  at  270°,  but  for 
higher  temperatures 
(above  300°)  both  burners 
on  either  or  both  sides  are 
used.  A  steam  jet  fitted 
w i  t  li  quick-opening  valves, 
to  be  used  in  case  of 
fire,  is  provided  in  each 
part  of  both  sides.  The 
hot  gases  from  the  fire  pass 
four  times  the  length  of 
the  still  setting,  which  is  so 
built  that  each  set  of  12 
pipes  is  surrounded  with 
fire  brick  in  tunnel  form 
leading  to  the  space  around 
the  evaporator,  this  space 
serving  as  a  chimney. 

The  evaporator,  built  of  inverted  boiler  plates,  measures  5  by  28 
feet,  as  shown  in  figure  8.  Figure  9  shows  the  arrangement  of  still 
pipes  and  evaporator.  The  oil  flows  from  an  inlet  at  the  bottom  row 
of  pipes  through  the  coil  to  an  outlet  in  the  top  of  the  evaporator, 
where  it  is  discharged  on  the  upper  surface  of  a  cone-shaped  baffle, 


6-FOOT  BY  26- FOOT 
EVAPORATOR 


Fig.  8.- 


i  j^L  Thermometer 
(ggy-      couple 

4-FOOT  BY  20- FOOT 
EVAPORATOR  COLUMN 

-Evaporator. 
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made  of  light  sheet  iron.  Dripping  over  the  top  of  the  upper  baffle  the 
oil  strikes  the  next  baffle  below,  and  from  that  falls  to  the  lowest  one. 
The  freed  gases  or  vapors  accumulate  under  the  cone  baffles,  whence 
they  pass  through  pipes  to  a  12-inch  vapor  line  on  the  outside.  The 
oil  falls  into  a  pocket  or  reservoir  in  the  bottom  of  the  evaporator, 

from  which  it  overflows 


into  an  outlet  pipe  to 
the  heat  exchangers. 
While  the  oil  lies  in  the 
bottom  reservoir,  it  is 
agitated  by  steam  jets 
and  made  to  give  off 
the  remaining  vapor. 
Heated  gases  from  the 
fires  in  the  still  below 
are  in  contact  with 
the  metal  walls  of  the 
evaporator  and  give  up 
more  of  their  heat  to 
the  oil  after  it  has  en- 
tered the  evaporator. 
Great  variations  in 
the  temperature  of  the 
still  during  operation 
have  occurred  on  ac- 
count of  attempts  to 
reach  the  point  at 
which  all,  or  nearly  all, 
vapor  can  be  driven 
from  the  oil.  For  some 
months  after  the  plant 
started  the  tempera- 
ture of  the  still  was 
held  at  390°  F.,  the 
maximum  used,  and 
resulted  in  a  small  out- 
put of  gasoline  of  low 
gravity  and  high  end 
point.  Reducing  the 
temperature  to  270° 
increased  the  production  at  less  cost  for  fuel  and  less  loss  from  vapors 
that  escaped  through  the  inability  of  the  condensers  to  liquefy  them 
before  any  apparatus  to  treat  escaping  vapors  had  been  installed.  At 
the  temperature  used,  270°,  it  was  necessary  to  use  a  large  amount  of 
steam  in  the  evaporator  to  agitate  the  oil  settled  in  the  reservoir. 
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Steam  at  70  pounds,  supplied  through  a  U-inch  globe  valve,  one- 
fourth  open,  was  about  the  average  amount  used  at  that  time.  The 
temperature  of  the  vapor  at  the  point  of  entering  the  dephlegmator 
or"  knock-out  box-'  ranged  from  '210  to  220°  F.  with  still  temperature 
at  270°. 

KaHv  in  September,  1919.  an  increase  of  temperature,  less  steam, 
ami  slightly  higher  vapor  temperature  were  tried,  with  a  resulting 
increase  in  production  and  a  slight  rise  in  end  point.  No  end-point 
specification  is  required  as  fuel  oil  is  being  used  for  blending.  Hence 
there  is  no  basis  for  comparing  the  effect  on  production  of  condensate 
at  the  former  end  point  with  the  present  still  temperature  of  310°  as 
compared  with  the  previous  temperature  of  270°.  At  different  times 
during  1919  the  writer  tried  increasing  the  temperature  to  points 
above  270°,  but  in  each  trial  as  production  increased,  the  end  point  of 
the  product  was  affected  so  much  as  to  prohibit  the  higher  tempera- 
ture. Inability  of  the  cooling  arrangements  to  reduce  the  tempera- 
ture of  the  residual  oil  to  a  point  suitable  for  passing  the  oil  through 
the  absorption  towers  also  prevented  any  increase  of  temperature. 
In  May,  1918,  a  cooling  coil  was  installed  to  cool  the  oil  before  it 
passed  through  the  absorbers.  This  installation  enabled  the  increase 
in  temperature  noted  above,  in  September,  1919. 

Prior  to  the  installation  of  this  coil  no  other  provision  than  the 
heat  exchangers  had  been  made  for  cooling  the  residual  oil.  This 
coil  consists  of  7,500  feet  of  2-inch  pipe,  arranged  in  six  parts  so  that 
each  set  of  pipes  carries  one-sixth  of  the  oil,  or  approximately  18 
gallons  per  minute,  the  velocity  in  each  set  being  1.90  feet  per  second. 
The  decrease  in  temperature  ranged  from  60  to  80  degrees  at  the 
normal  pumping  rate  of  100  gallons  per  minute.  Any  change  in 
rate  of  not  over  20  per  cent  made  no  important  reduction  of  tem- 
perature. The  coil  is  suspended  over  a  wooden  box,  56  by  10  by  3 
feet.  Water  from  the  cooling  pond  drips  slowly  over  the  pipes  from 
wooden  troughs  set  above  each  part  of  the  coil.  After  collecting  in 
the  tank  below  the  water  is  drawn  off  by  a  centrifugal  pump  and 
returned  to  the  cooling  pond  through  spray  nozzles. 

The  cooling  coil,  which  was  installed  in  May,  1919,  by  the  regular 
plant  operating  force,  is  the  most  important  single  improvement 
made  during  the  time  under  consideration.  Through  its  use  pro- 
duction was  maintained  during  hot  weather  at  approximately  the 
highest  point  previously  reached  in  colder  weather.  Changes  in 
the  arrangement  of  oil  pipes  in  the  heat  exchangers  put  them  in 
condition  to  receive  oil  on  both  sides  of  their  surfaces,  resulting  in  a 
saving  of  fuel  and  in  only  a  slight  increase  in  the  temperature  of 
the  outgoing  oil.  Data  in  Tables  3  and  4  permit  comparison  of  the 
temperature  of  the  oil  as  it  entered  the  towers  before  and  after  the 
first  use  of  the  cooling  coil.  The  reduction  of  temperature  is  marked 
and,  as  figure  2  (p.  4)  shows,  the  increase  of  production  is  noticeable. 
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WATER  SUPPLY. 

The  plant  as  originally  built,  and  operated  for  a  few  months,  had 
no  provision  for  utilizing  these  fractions  from  the  condensers  that 
did  not  liquefy  at  the  temperatures  obtainable.  Water  for  cooling 
the  condensers  was  pumped  directly  from  wells,  reaching  the  con- 
densers at  about  62°  to  63°.  During  this  period  the  water  supply 
was  very  uncertain  and  not  capable  of  control  by  plant  operators, 
being  dependent  alone  on  the  electric  power  supplied  by  a  37.5 
k.  v.  a.  alternating  generator,  driven  by  a  gas  engine,  which  in  turn 
operated  a  small  motor  at  each  of  the  10  wells.  These  motors  were 
belted  to  deep-well  pump  jacks  which  pumped  water  from  the  wells, 
discharged  it  into  a  6-inch  line  leading  to  a  point  near  the  heat  ex- 
changers, where  it  divided,  part  of  it  passing  through  the  heat  ex- 
changers, part  to  the  condensers,  and  part  to  the  jackets  of  the 
vacuum-plant  gas  engines.  All  run-off  was  carried  in  one  line  to  a 
tank  near  the  wells,  from  whence  it  wasted  or  was  partly  pumped  to 
other  uses.  Occasionally  the  electric  powerf  ailed,  and  as  there  were  no 
auxiliary  pumping  units,  the  plant  was  for  hours  without  water.  It 
was  early  recognized  that  this  condition  must  not  continue.  As  a 
temporary  remedy,  a  steam  pump  capable  of  handling  the  entire 
water  s apply  was  placed  near  the  tanks  that  received  the  run-off, 
and  slightly  warmer  water  in  an  unfailing  supply  was  obtained. 
This  condition  continued  until  August,  1918,  when  other  improve- 
ments and  changes  were  made. 

TREATMENT  OF  STILL  VAPOR. 

Vapors  from  the  still  are  collected  in  a  large  pipe  that  leads  from 
the  evaporator  through  a  butterfly  valve  and  thence  into  each  of  two 
dephlegmators  or  "knock-out"  boxes,  details  of  which  are  shown  in 
figure  10.  Provision  is  made  for  agitation  by  steam  or  for  reheating 
the  heavier  fractions  as  they  settle  in  the  lower  part  of  the  box.  The 
outgoing  vapors  pass  over  a  water  coil  which  may  be  used  to  throw 
down  condensate  or  fractions  of  gas  oil  undesirable  as  part  of  the 
production.  All  the  vapor  that  condenses  in  the  dephlegmators  is 
trapped  out  and  returned  through  a  connection  to  the  still  pump 
directly  into  the  still,  as  a  mixture  with  the  saturated  oil.  The 
gravity  of  this  portion  is  48°  to  60°  B.,  its  initial  boiling  point  is  87° 
to  104°  and  final  boiling  point  508°  to  560°  F.;  thus  there  is  almost 
no  chance  of  loss  in  production  by  reducing  usable  portions  before 
they  reach  the  condensers.  Under  ordinary  conditions  this  fraction 
with  considerable  water  from  condensed  steam  amounts  to  about  3 
gallons  per  minute,  practically  all  of  which  comes  from  a  vaporiza- 
tion of  the  absorbing  oil  itself  and  is  replaced  in  the  oil.  The  analysis 
of  these  dephlegmator  bottoms  is  given  in  Table  5  (p.  18).  When  new 
oil  is  introduced  in  the  circulating  system,  the  amount  of  precipita- 
tion in  the  dephlegmator  bottom  increases  to  7  or  8  gallons  per 
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minute.  At  first  this  oil  was  permitted  to  flow  directly  into  the 
residue  absorption  oil,  adding  some  heat  and  increasing  the  gravity, 
thus  reducing  the  absorbing  power  of  the  oil. 

Those  gasoline  vapors  that  pass  through  the  dephleginators  reach 
the  condensers  at  a  temperature  of  120°  to  150°  F.,  depending  on  the 


Fig.  10.— Dephlegmator:  a,  water  outlet; 
6,  water  inlet;  c,  G-inch  outlet  to  condenser; 
J,  8-inch  inlet  from  evaporator;  e,  1-inch 
perforated  coil  for  steam;  /,  2-inch  bottom 
drain. 


Fig.  11.— Condenser:  a,  1-inch  supply  for  blender; 
b,  6-inch  standard  tee;  c,  gate  valve;  d,  6-inch 
pipe  from  dephlegmator;  e,  J-inch  plate;/,  spray 
nozzle;  g,  tube  sheet;  h,  water  outlet;  i,  69  tubes, 
18  by  2  inches  outside  diameter;  j,  water  inlet; 
fc,  gasoline  outlet;  1,  water  drain. 


temperature  of  the  still.  During  the  first  three  months  of  operation 
no  attempt  at  blending  was  made.  In  July,  1917,  the  condensers 
were  fitted  with  a  spray  nozzle  and  pumps  through  which  naphtha  in 
a  fine  spray  was  forced  into  the  vapor  as  it  entered  the  condenser. 
Figure  1 1  shows  the  condensers  and  the  blending  spray.     The  result 
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achieved  by  this  'see  fig.  2.  p.  4)  led  to  an  investigation  of  the 
vapors  that  were  previously  allowed  to  pass  freely  into  the  air  from 
vents  in  the  run-down  line.  A  series  of  tests  showed  a  gasoline 
content  condensible  at  250  pour.  -  -  _  s  20  gallons  per  thou- 
sand feet,  the  volume  at  times  being  50  to  75  thousand  feet  per  24 
hours.  The  success  of  the  naphtha  spray  in  the  condenser  led  to  the 
addition  of  a  small  absorber  with  naphtha  as  the  absorption  agent. 
It  was  installed  in  August.  1917.  at  slight  cost,  and  produced  400  to 
7  gallons  daily  from  the  uncondensed  vapor  that  passed  through 
the  condenser.  Tests  made  after  \  -  sorber  was  in  operation 
showed  very  slight  lessening  in  quantity  of  gas  and  almost  no  lose 
in  gasoline  content.  These  experiments  proved  conclusively  the 
necessity        further  treatment. 

COMPRESSOR  FOR  TTNCONDENSED   STILL  VAPOR. 

38  ra  ad  coils  had  previously  been  recommended, 
no  action  was  taken.  Some  months  later  June.  1918)  a  small  eom- 
pre-  -  provided  to  handle  all  the  waste  vapors  about  the  plant. 

The  compressor  used  is  the  one  mentioned  on  page  3.  a  two-stage 
10i-  and  5  by  12  belt-driven  pump,  which  ran  at  150  to  165  r.  p.  m. 
At  first  pressures  up  to  40  pounds  on  the  low-stage  cylinder  and  ISO 
on  the  high-sta^e  were  used.  Gas  entering  the  pump  comes  directly 
through  a  4-inch  line  for  145  feet  from  vents  just  above  the  outlet 
from  the  conder-  -  I  the  run-down  lines.  At  a  short  distance  from 
the  condensers  is  placed  a  scrubber  to  catch  condensate  from  both 
;.or  and  water  vapor.  The  velocity  in  this  line  makes  the 
scrubber  necessary,  chiefly  to  remove  the  water  carried  over.  The 
pipe  rises  2  inches  in  each  20  feet  to  the  point  at  which  it  enters  the 
.pressor  room.     Just  inside  this  i  di=tance  of  145  feet 

from  the  condensers,  it  p   u-ough  a  back-pressure  regulator,  set 

to  hold  -  ire  of  3  inches  of  water  in  the  condensers.     A  by-pass 

placed  around  the  regulator  has  proved  of  value  at  periods  of  less 

dot  production.     No  attempt  to  cool  the  vapor  before  it 

enters  the  pump;    as  the  pipe  is  uncovered  the  temperature  during 
the  greater  part  of  the  year  is  low  enough.     A  small  trap  holding  3^ 
-    placed  just  i  the  cylinder,  during  cool  weather  catches 

enough  high-grade  gasoline  to  supply  at  most  times  the  gasoline 
motors  in  use  about  the  lease. 

gas  discharged  from  the  low-pressure  side  of  this  pump 
passes  through  a  coil  made  of  galvanized  2-inch  pipe,  in  two  sections 
of  five  pipes,  each  46  feet  long,  which  are  cooled  by  a  spray  of  water 
that  has  passed  through  the  condensers. 

On  leaving  the  cooling  ndensed  gases  and  condensate 

pass  into  an  accumulat-jr  tank  where  all  the  water  is  drawn  off  and 
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the  condensate  enten  i  line  I « - ; i <  1 1  r i -_r  to  one  of  t  v.  o  7  by  30  fool  blemd- 
or  storage  drams.     The  uncondensed  \  apors  remaining  are  drawn 
into  the  compn  aeor  for  further  compression  to  180  pounds  and  then 
discharged  into  a  much  larger  coil,  consisting  of  two  parts,  nine  pip 
each,  Is  feel  1 « . r i -_r .     Water  for  cooling  comes  from  the  condensers  and 

ties  in  ;i  shallow  concrete  t;mk  from  which  it  is  drawn  b. 
trifugaJ  pump  and  f >a ~-<-fi  again  into  th*  condensers.  Thus  the 
<•(.nii.rr--.iir  coils  are  cooled  and  the  temperature  of  water  U  reduced 
for  use  in  the  condensers.  This  arrangement  of  passing  the  con- 
dene  rflow  through  cooling  er  the  compressed 
coil-  and  back  t"  condenser  was  being  changed  in  February,  1920, 
so  a.--  t<-  use  water  of  lower  temperature  continuously  through  a 
cooling  tower,  over  the  coils,  and  hack  through  1 1 1 #■-  -pi 

At  times  of  large  production,  the  higher  temperature  of  the  water 
from  the  condensers  raises  the  temperature  of  the  water  being 
sprayed  over  the  compressor  coils  and  -o  reduces  the  amount  of  eon- 
densate  collected  from  the  uncondensed  -till  vapors.  When.  {<,]■  any 
ion,  this  condition  exists  for  some  time  the  day's  production  of. 
condensate  is  reduced  decidedly.  The  installation  of  the  fourth 
vacuum  pump  increased  the  power  available  i'"r  driving  the  wa 
circulation  pumps,  and  by  lowering  the  pressure  on  the  compressor 
to  20  pound-  and  SO  pounds  for  the  low  and  high  respectively, 

as  much  condensate  is  recovered  from  the  still  vapors  as  by  the  use  oi 
the  higher  pressures  with  the  higher  temperature  which  demands 
more  cooling.  

THE  PRODUCT. 

Condensate  produced  by  compression  from  -till  vapors  has  a 
gravity  of  93°  to  94°  IS.,  an  initial  boiling  point  of  75g  to  80*  P., 
and  a  final  boiling  point  of  225°  F.  Figure  5,  page  10,  shows  the  dis- 
tillation curve-  of  this  condensate.  Invariably  all  gasoline  obtained 
in  this  manner  i-  blended  directly  with  the  -till  product  of  the  con- 
densers; the  resulting  blend  having  a  gravity  of  78°  to  84°  B.  is 
regarded  as  the  actual  product  of  the  plant  and  is  marketed  as  such. 
Various  materials  have  been  used  for  blending,  the  highest  quality 
ever  used  being  a  naphtha  having  a  gravity  of  52°  B.  and  an  end 
point  of  420fl  V.  At  present,  fuel  oil  is  being  used,  resulting  in  a 
\^'J  B.  blend,  but  no  attempt  b  made  to  pass  this  blend  through  the 
condenser  -pray,  nor  is  any  of  it.  used  in  the  blending  drums  of  the 
-till-vapor  compression  plant.  Fuel  oil  is  used  as  a  means  of  re- 
ducing the  losses  by  evaporation  and  has  proved  decidedly  successful. 
Market  conditions  governed  the  use  of  other  material-;.  In  shipping 
the  gasoline  made  without  blending,  a  loss  of  is  per  cent  to  22  per 
cent  of  the  volume  occurs  during  storage,  weathering,  and  placing 
in  tank  cars. 
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VAPOR    PRESSURE. 

Vapor-tension  tests  of  the  raw  product  of  the  condensers  show  2  to 
4  pounds,  and  tests  of  the  condensate  obtained  from  the  compressor 
plant  show  13  to  18  pounds;  whereas  a  blend  of  the  two  (1  part  raw 
product  with  18  parts  compressor  condensate)  results  in  a  vapor 
tension  rarely  more  than  8  pounds.  Commercial  blends  (58  to 
60°  B.)  of  this  plant's  production  with  40  to  42°  B.  kerosene  show 
vapor  tensions  of  3  to  7  pounds. 

LOADING  RACK. 

All  the  product  moves  by  gravity  to  the  storage  tanks,  from 
whence,  after  being  blended  to  the  gravity  required  by  contract  for 
sale,  it  passes  through  a  gravity  line  to  the  loading  rack.  This  rack 
can  accommodate  five  standard  tank  cars,  and  is  equipped  with  a 
pump  by  which  blending  material  when  received  is  forced  to  the 
storage  tanks  through  a  separate  line. 

BUILDINGS. 

All  the  plant  buildings  are  substantial.  A  well  equipped  laboratory 
is  in  the  same  building  with  the  office.  A  tool  and  ware  house  are 
supplied  with  equipment  for  making  all  small  repairs,  and  for  carrying 
out  new  construction  work  and  changes.  Readjustments  and  addi- 
tions have  been  the  reason  for  employing  a  larger  force  of  men  than 
would  otherwise  be  necessary. 

OPERATING  FORCE. 

The  operating  force,  so  far  as  control  of  apparatus  and  machinery 
is  concerned,  comprises  three  still  tenders,  three  engine  runners, 
three  oiler-firemen,  one  rack  man,  one  office  and  laboratory  man, 
and  one  repair  mechanic.  The  work  day  is  divided  into  three 
eight-hour  shifts.  The  stillman  records  temperatures  and  gravities, 
transfers  of  oil,  and  tank  gages,  together  with  general  notes  on  opera- 
tion. The  laboratory  man  makes  distillations  of  the  residue  and 
saturated  oils,  of  the  product,  and  of  car  samples;  he  is  also  expected 
to  send  daily  reports  to  the  company's  general  office  on  forms  that 
are  provided. 

RECORDS. 

Records  have  proved  of  great  value  to  those  in  charge  of  the  plant 
and  to  the  general  offices  of  the  company.  Complete  records  are 
decidedly  worth  keeping. 

SUMMARY  OF  PART  I. 

Had  more  complete  and  comprehensive  tests  been  made  before 
any  attempt  to  lay  out  a  plant  for  the  treatment  of  so  rich  a  gas, 
many  useless  and  inefficient  parts  could  have  been  omitted  from  the 
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original  plans.  Determinations  of  ihe  quantity  of  gas  and  its  gaso- 
line content  were  specially  important,  but  they  seem  to  have  been  by 
no  means  consistent.  The  results  arc  not  ieeabk  in  the  size  and  design 
of  the  towers.  Low  Telocity  through  the  towers  is  essential,  but 
with  the  quantity  of  gas  available  one  tower  with  oil  circulating 
faster  would  have  resulted  in  no  lessening  of  the  percentage  of  absorp- 
tion. This  fact  was  demonstrated  by  test,  but  on  account  of  lack  of 
cooling  arrangements  an  increased  circulation  of  oil  soon  caused  the 
temperature  of  the  oil  to  rise  so  much  as  to  prohibit  this  means 
of  reducing  costs.  The  test  was  made  to  ascertain  the  possibility  of 
the  removal  of  one  tower  to  another  site.  Tests  to  determine  the 
gasoline  content  of  the  gas,  made  before  construction  started,  were 
confirmed  by  results  obtained  later  at  several  times.  Throughout 
the  period  of  operation,  A.  A.  Chenoweth  and  the  plant  operating 
force  were  engaged  in  tests  to  promote  greater  efficiency  and  increased 
production. 

Those  who  urge  that  the  low  pressure  obtained  by  pumping  under 
a  vacuum  of  20  to  25  inches  of  mercury  is  beneficial  to  the  sand 
claim  that  such  pumping  increases  the  gasoline  content  of  the  gas. 
This  proved  true  at  the  plant  under  consideration,  an  increase  of 
vacuum  increasing  the  production,  but  in  most  cases  there  were 
other  factors  that  made  difficult  an  accurate  estimate  of  the  influ- 
ence of  increased  vacuum.  During  the  first  half-year  no  vacuum 
was  maintained  on  the  sand,  but  after  this  period  the  vacuum  was 
gradually  increased,  reaching  15  inches  in  the  early  summer  of  1918. 
In  September  of  that  year  the  lowest  vacuum  possible  with  the  avail- 
able equipment  was  ordered.  A  noticeable  increase  in  production 
of  gasoline  at  the  time  is  shown  by  figure  2,  the  greater  part  of  the 
increase  being  in  the  more  stable  elements  of  the  gasoline  fractions. 
The  wells  on  surrounding  leases  had  alwa}~s  been  under  as  great  a 
vacuum  as  possible,  thus  reducing  the  amount  and  value  of  gas 
obtained  for  use  in  the  plant  and  placing  it  at  a  disadvantage  with 
ii-  neighbors. 

Gas  cooling  was  not  attempted  at  first,  but  later  a  louver  tower 
was  built  containing  a  set  of  ten  2-inch  pipes  through  which  all  the 
gas  passed  before  reaching  the  towers.  The  amount  of  cooling  varies 
greatly,  occasionally  the  temperature  dropping  from  140  to  80°,  but 
the  usual  difference  was  much  less  adequate.  Cooling  the  absorp- 
tion oil  was  at  first  impossible  because  of  lack  of  suitable  means,  until 
at  the  time  of  installing  the  still-vapor  compressor  changes  were 
made  in  water  circulation,  a  cooling  pond  was  added,  and  results 
were  achieved  that  increased  the  production.  These  changes  had 
been  completed  and  were  in  operation  by  midsummer  of  1918. 

The  changes  made  in  May,  1918,  were  extensive  and  mark  the  be- 
ginning of  progressive  and  vigorous  work  to  improve  the  plant  and 
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increase  its  overall  efficiency.  These  changes  consist  in  the  installa- 
tion of  a  small  compressor  and  coil  to  treat  the  vapor  uncondensed  in 
the  main  condensers,  a  cooling  pond  for  lowering  the  temperature  of 
residue  gas-oil,  pumps  for  water  circulation,  and  coils  for  gas  cooling. 
No  further  changes  were  made,  except  vacuum  reduction,  until  May, 
1919,  when  Mr.  Chenoweth  designed  and  built  a  temporary  coil 
through  which  the  gas  oil  passed  before  it  entered  the  first  of  the 
absorption  towers.  (See  p.  21.)  Results  achieved  were  exceedingly 
satisfactory,  and  this  proved  to  be  one  of  the  most  valuable  changes 
made,  as  will  be  seen  by  reference  to  figure  2,  page  4.  During  the  hot 
summer  months  that  followed  the  production  averaged  as  large  as 
during  the  preceding  winter. 

As  appears  from  figure  2,  the  autumn  and  winter  months  of  1919-20 
show  another  marked  increase  in  production,  which  may  be  credited 
to  this  coil,  an  additional  vacuum  pump,  and  to  a  more  sensitive 
regulator  operation  on  the  outlet  gas  line  of  the  towers,  enabling 
the  constant  holding  of  a  5-pound  pressure  on  the  towers.  This 
pressure  of  5  pounds  is  probably  sufficient  to  raise  the  absorption 
percentage  at  an  oil  circulation  of  100  gallons  per  minute,  to  its  most 
efficient  point.  In  February,  1920,  the  saturation  was  3.5  per  cent. 
A  more  rapid  circulation  of  oil  was  not  possible,  but  in  order  to  over- 
come somewhat  the  possible  chance  that  it  would  be  better,  one-half 
the  oil  was  to  be  repassed  over  one  tower  by  the  use  of  an  extra 
pump. 

During  September,  1919,  the  still  temperature  was  raised  to  330° 
F.;  an  automatic  regulator  controlled  by  a  thermostat  in  the  still 
was  arranged  by  throttling  part  of  the  pump  discharge,  to  vary  the 
rate  of  oil  circulation,  which  keeps  constant  the  temperature  of  the 
still.  Coincident  with  the  rise  in  still  temperature  there  was  a 
marked  reduction  in  the  amount  of  steam  used  in  the  evaporator, 
which  resulted  in  lowering  the  temperature  of  the  vapor  passing  into 
the  condensers,  and  so  made  possible  a  reduction  of  the  pressures 
carried  on  the  compressor,  and  an  increase  of  the  amount  of  gasoline 
condensed  directly  in  the  condensers.  This  condensate  is  the  part 
that  is  most  desirable  and  its  increase  therefore  is  a  matter  of 
importance. 

More  power  in  the  engine  room  enables  greater  circulation  of  water, 
and  usually  cooler  coils  and  more  production.  A  small  change  in  the 
boiler  fuel-gas  line  and  the  heating  of  the  feed-water  resulted  in 
cheaper  and  more  plentiful  steam  with  the  same  equipment  as  before. 
In  general,  the  changes  made,  although  not  radical,  have  given 
increased  production  and  brought  the  entire  plant  into  systematic 
unison;  they  may  be  described  as  the  ultimate  coordination  of  design 
and  operation. 


PART  II. 

OBSERVATIONS  ON  HEATING  EFFECT  OF  LATENT  HEAT  OF  RICH 
GASES  IN  ABSORBER  TOWERS. 

In  the  operation  of  t he  plant  so  large  an  amount  of  heat  was  added 
to  the  absorbing  medium  through  the  latent  heat  of  the  absorbed 
gases  that  much  of  the  attention  given  to  the  cooling  of  the  absorption 
oil  was  rendered  ineffective.  As  the  gas  became  richer  the  effect  of 
the  added  heat  increased.  The  data  collected  in  an  effort  to  learn 
the  exact  amount  of  the  increase  show  no  appreciable  effect  from 
transference  of  the  heat  of  the  outside  air  through  the  tower  walls. 
In  order  to  determine  this  effect  readings  were  taken  at  the  hours 
of  maximum  and  minimum  daily  temperatures. 

The  data  presented  in  Tables  G  and  7  (pp.  32-37)  cover  a  period 
of  three  months,  August,  September,  and  October,  1919.  A  number 
of  thermometers  were  installed  in  addition  to  those  already  in  daily 
use  at  the  plant,  and  14  series  of  readings  were  taken,  as  shown  by 
Table  7. 

Readings  were  taken  each  12  hours  at  2  p.  m.  and  2  a.  m.  during 
the  full  length  of  the  three-months  period.  These  temperatures  are 
shown  in  Table  6,  reduced  to  10-day  averages;  in  column  10  the 
10-day  averages  are  further  reduced  to  an  average  for  the  three 
months.  Thermometer  bulbs  were  at  all  times  completely  immersed 
in  the  substance  whose  temperature  was  being  taken.  Most  of  the 
thermometers  had  a  bulb  and  mercury  column  rigidly  fastened  inside 
a  tube  or  well  which  could  be  screwed  tightly  into  the  pipe. 

Figures  12  and  13  show  graphically  the  relation  between  temper- 
atures and  production;  figure  14  shows  the  course  taken  by  the  ab- 
sorption medium  and  the  absorbed  gases.  Gas  and  oil  flow  counter- 
current,  and  in  addition  are  so  controlled  that  the  richest  gas,  direct 
from  the  wells,  encounters  the  most  saturated,  warmest  oil.  After 
passing  through  the  first  tower  the  same  gas  comes  in  contact  in  the 
second  tower  with  oil  that  has  lost  its  former  content  of  gasoline. 
No  attempt  has  been  made  to  cool  the  oil  after  it  begins  to  take  up 
a  charge  of  gasoline,  but  seemingly  this  point  can  be  easily  corrected 
by  using  part  of  the  cooling  coil  to  cool  the  oil  between  the  two  towers. 

In  the  opinion  of  the  writers  a  low-pressure  absorption  plant  can 
easily  recover  all  the  valuable  gasoline  fractions  from  rich  casing- 
head  gas  if  the  absorption  oil  and  the  gas  being  absorbed  are  kept 
at  a  temperature  not  higher  than  80°  and  not  necessarily  less  than 
70°  F.  This  temperature  range  must  be  maintained  throughout  the 
absorbing  process,  from  the  time  the  oil  and  gas  first  come  into 
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contact  until  each,  separated,  leaves  the  absorption  towers  on  its 
way  through  the  plant.  It  is  certain,  however,  that  the  more  closely 
the  temperature  is  held  to  the  lower  value  the  more  satisfactory  and 
complete  is  the  cleaning  of  the  gas  from  all  marketable  gasoline. 
Data  not  fully  set  out  in  this  report  confirm  this  statement.  In 
Table  6,  column  9  illustrates  it  by  showing  an  air  temperature  of 
58°  F.,  and  the  temperature  of  the  oil,  81°  F.,  as  it  starts  through  the 
absorbers.  The  increase  of  20°  F.  in  added  heat,  by  reason  of  the 
latent  heat  of  the  absorbed  gases,  here  20  per  cent  of  the  total,  is 
therefore  of  great  importance. 
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Fig.  12.— Data  from  Table  6:  a,  gasoline;  6,  increase  in  oil  temperature;  c,  air  temperature;  d,  decrease 

in  gas  temperature. 

Many  schemes  to  offset  this  undesirable  increase  have  received 
attention  during  the  operation  of  the  plant.  The  gas-oil  cooling 
coil,  mentioned  on  page  21,  represents  the  first  and  to  February,  1920, 
the  only  step  taken  to  overcome  the  retarding  effect  exerted  by  an 
overheated  absorbing  medium  on  the  percentage  of  saturation. 
The  coil  mentioned  was  primarily  constructed  to  continue  and 
supplement  the  work  of  the  heat  interchangers.  Absorption  oil 
that  passes  through  this  coil  is  not  further  cooled  before  completing 
the  circuit  of  the  plant.  The  radiating  surface  of  the  towers  is  so 
great  that,  were  the  tower  walls  kept  at  all  times  slightly  moistened 
with  water  by  means  of  a  single  spraying  coil  made  of  small  pipe 
perforated  with  closely  spaced  |-inch  holes,  this  coil  being  at  the 
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Fig.  14.— Path  of  oil  and  of  gas:  a,  No.  1  absorber;  6,  No.  2  absorber;  c,  gas  from  wells;  d,  residual  gas; 
e,  pump;  /,  vent  tank;  g,  still  coil;  h,  heat  exchangers  (3);  i,  cooling  coils. 
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top  of  the  tower,  the  walls  could  be  maintained  the  year  around  at  a 
temperature  very  close  to  the  wet  bulb  reading.1  Protection  from 
the  direct  rays  of  the  sun  by  means  of  a  louver,  on  the  southeast  and 
southwest  sides  of  each  tower,  would  aid  in  reducing  the  temperature 
of  the  tower  walls.  The  louver  would  reduce  the  temperature  de- 
veloped within  the  towers  by  the  condensation  of  gasoline  and  would 
prevent  the  absorption  of  heat  from  the  atmosphere  through  the 
tower  walls.  Day  and  night  readings  show  surprisingly  little  effect, 
from  the  temperature  acquired  by  tower  walls,  on  the  heating  of  gas 
and  oil  while  passing  through,  as  is  shown  by  the  consistent  tem- 
perature rises  in  both  night  and  day  readings. 


Table  6  — 

Temperature 

data  (°F.). 

Period. 

1 

2            3 

4 

5 

6 

7 

8 

9 

10 

11 

Aug. 
1-10. 

Aug. 
10-20. 

Aug. 
20-30. 

Aug. 

31- 
Sept. 

9. 

Sept. 
10-19. 

Sept. 
20-29. 

Sept. 

30- 

Oct. 

9. 

Oct. 
9-19. 

Oct. 
19-29. 

Aver- 
age. 

Feb. 
22, 

1920. 

Atmospheric    temper- 

92.5 
275 

161.5 

95 

6.5 
19.0 

92 
275 

164.5 

95.5 

6.7 

17.8 

85 
277 

161. 5 

88 

6.9 
16.6 

80.5 
270 

160 

91 

6.7 
15.1 

87 
300 

iso 

9S 

5.6 
15.8 

73 
312 

183 

91 

6.0 
15.75 

75.2 
312 

180 

87 

5.0 
14.0 

61 
320 

182.5 

75.6 

6.3 
14.5 

58 
325 

186.5 

75 

5.0 
15.0 

6.07 
15.95 

52 

Still  temperature 

Residue    oil    temper- 

336 

190 

Temperature    of    al> 

77 

Increase    in     temper- 
ature of  gas  oil : 
(1)  In  contact  with 

5.0 

(2)  In  contact  with 

18.0 

Total 

25.5 

24.5 

23.5 

21.8 

21.4 

21.75 

19.0 

20.8 

20.0 

22.02 

Change  in  temperature 
of  gas: 

(1)  In  contact  with 
saturated  oil  S.T. 

(2)  In  contact  with 
fresh  oil  N.  T 

-4.3 
+2.5 

-6.0 

+  1.4 

-7.6 

+0.5 

-4.5 

0.0 

—5.8 
0.0 

-6.0 
-2.0 

-5.1 
-2.2 

-6.6 
-3.2 

-6.6 
-2.2 

-5.8 
-0.6 

-8.0 
-2.0 

Total 

-1.8 

-4.6 

-7.1 

-4.5 

-5.8 

-8.0 

-7.3 

-9.8 

-8.8 

-6.4 

Temperature  of  gas  oil: 

To  cooling  coil 

From  cooling  coil . . 

145 
89 

156 
88 

150 
86 

153 
83 

167 
87 

170 
89 

172 
89 

178 
84 

175 
81 

180 
80 

Difference 

56 

68 

64 

70 

80 

81 

83 

94 

94 

100 

Temperature  of  water: 

To  cooling  coil 

From  cooling  coil . . 

87 
104 

88 
105 

89 

103 

82 
99 

86 
102 

85 
99 

85 
98 

80 
96 

79 
97 

78 
97 

Difference 

17 

17 

14 

17 

16 

14 

13 

16 

18 

Production  of  gasoline 

4,398 

982 

4.50 

2.75 
96.3 

4,080 

1,030 
3.97 

2.95 

96.0 

4,612 

1,079 
4.30 

2.85 

99.5 

4,746 

1,063 

4.47 

2.90 

87.8 

5,046 

1,092 
4.61 

2.25 

93.6 

5,747 

1,006 
5.75 

3.45 

91.1 

5,060 

907 
5.60 

3.17 

87.7 

5,902 

850 

6.87 

3.95 
79.1 

6,204 

908 
6.81 

4.25 

80.5 

5,089 

990.8 
5.21 

Gas  used  (M  cu.  ft.  J  at 
0  pounds 

Rate  of  recovery 

Pressure     on     towers 

(pounds  per  sq.  in. ) . . 
Temperature  of  gas  to 

absorber  No.  1 

90.2 

1  For  a  discussion  of  wet  and  dry  bulb  thermometers  and  effect  of  temperature  on  the  moisture  carried  by 
air,  see  Rice,  G.  S.,  The  explosibilitv  of  coal  dust,  Bull.  20,  Bureau  of  Mines,  1911,  p.  63;  see  also 
Williams,  R.  Y.,  The  humidity  of  mine  air,  Bull.  83,  Bureau  of  Mines,  1914,  p.  9. 
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If  two  towers  are  to  be  used  in  series,  as  is  now  the  practice,  the 
most  logical  point  for  reducing  the  temperature  of  the  absorption 
medium  is  after  it  has  passed  the  vent  tank  and  pump,  between 
absorber  No.  2  and  absorber  No.  1.  An  efficient  water-cooled  coil  at 
this  point  should  lower  the  oil  temperature  to  80°  F.  or  less  at  all 
seasons  of  the  year.  The  amount  of  water  needed  to  reduce  by  16° 
(the  average  rise  in  temperature  during  contact  of  rich  gas  with 
partly  saturated  oil)  the  temperature  of  the  oil  circulated  is  22  gallons 
per  minute  over  510  square  feet  of  2-inch  pipe  on  the  assumption 
that  15  per  cent  of  the  heat  radiates  into  the  air,  that  20  B.  t.  u.  per 
hour  per  degree  difference  per  square  foot  is  transferred,  and  that  the 
water  rises  19  degrees  in  temperature. 

HEAT  BALANCE. 

In  the  following  discussion  the  methods  used  in  computing  a  heat 
balance  have  been  adopted,  in  general,  as  the  simplest  way  of  present- 
ing the  data  and  explanations.  Because  of  the  many  factors  entering 
a  true  heat  balance,  some  of  which  could  not  be  determined  in  a  plant 
having  equipment  so  varied  and  units  so  large,  the  percentage  of  heat 
unaccounted  for  is  exceedingly  large. 

Constants  Used. 

Specific  heat  of  36°  B.  gas  oil 0. 45  B.  t.  u.  per  pound.2 

Specific  heat  of  gasoline  80°  B 57  B.  t.  u.  per  pound.3 

Weight  of  one  gallon  of  gas  oil 7.  00  pounds. 

Weight  of  one  gallon  80°  gasoline 5.  55  pounds. 

Latent  heat  of  gasoline 142. 00  B.  t.  u.  per  pound. 

As  the  gasoline  made  from  natural  gas  is  more  nearly  like  hexane 
than  any  other  member  of  the  paraffin  series  of  which  this  type  of 
gasoline  is  composed,  the  latent  heat  of  hexane  is  used  as  given  in 
Castell-Evans,  Physics  Chemical  Tables,  Volume  I,  page  417.  This 
table  gives  135  B.  t.  u.  per  pound  as  the  latent  heat  of  pentane. 

Weight  of  1.000  cubic  feet  of  1.28  gravity  gas  at  60°  F. 

and  30  inches  pressure 97.  8 

Specific  heat  at  constant  pressure  of  methane  4 5929  B.  t.  u. 

Mr.  T.  R.  Weymouth,  in  a  personal  communication,  gives  the  fol- 
lowing formula  for  the  determination  of  the  specific  heat  of  natural 
gases : 

Specific  heat  =  0.407 :p—  >    in  which  G  =  specific  gravity. 

He  says  further: 

This  formula  is  based  on  the  specific  heat  of  methane,  0.5929,  and  inasmuch  as 
there  are  no  figures  available  for  the  specific  heat  of  the  other  hydrocarbons,  the 
formula  assumes  that  the  molecular  heat  of  the  paraffin  gases,  divided  by  the  number 
of  atoms  in  a  molecule,  is  equal  to  a  constant.     This  assumption  probably  holds  with 

1  Bacon  and  Hamor,  Vol.  1, 1916,  pp.  106  to  109.    (Value  chosen  arbitrarily.) 

3  Burrcll,  G.  A.,  Biddison,  P.  M.,  and  Oberfell,  G.  G.,  Extraction  of  gasoline  from  natural  gas  by 
absorption  methods:  Bull.  120,  Bureau  of  Mines,  1917,  p.  49. 

4  Lucke,  Engineering  Thermodynamics,  1912,  p.  578. 


HEAT  BALANCE.  39 

a  fair  degree  of  accuracy  for  most  natural  gas  which  lias  an  average  molecular  weight 
less  than  thai  of  a  mixture  of  equal  parts  of  methane  and  ethane. 

The  volumetric  relation  of  specific  heat  to  specific  gravity  may  be  expressed  as 
follows: 

Specific  heat  per  cubic  foot  at  80°  F.,  30  inches  of  mercury,  dry=0.031  G+0.008. 

Using  the  first  formula  gives  the  following  value : 
Specific  heat  =  0.407  +  ^~  =  0.487 

Some  error  is  probably  introduced  by  this  calculation,  as  the  gas 
contains  such  a  large  amount  of  carbon  and  is  of  such  high  heating 
value  that  it  can  not  be  computed  to  methane  and  ethane  (CH4  and 
C2II„).  The  ordinary  average  rate  of  circulation  of  gas  oil  in  the  plant 
is  100  gallons  per  minute;  if  the  average  during  the  period  consid- 
ered be  taken  as  990,800  cubic  feet  of  gas  per  24  hours,  the  rate 
becomes  145  gallons  of  oil  to  1,000  feet  of  gas. 

For  the  total  heat  absorbed  during  24  hours  by  the  oil  in  circulation 
through  the  plant  the  formula  gives  990.8  (1,000  cubic  feet  gas)  X  145 
(gallons)  X  7  (pounds  per  gallon)  X  22.0or'  (rise  in  temperature)  X  0.45 
B.  t.  u.  (specific  heat  of  gas  oil)  =9,956,000  B.  t.  u.  per  24  hours. 
Heat  is  added  to  the  oil  from  these  sources:  (1)  Latent  heat  of  the 
gasoline  absorbed  and  recovered;  (2)  heat  that  the  gas  treated  gives 
up  in  temperature  loss;  (3)  latent  heat  given  up  by  the  9  per  cent  of 
raw  incoming  gas  not  condensed  as  gasoline  but  removed  from  the 
towers  as  condensed  or  dissolved  gas  or  vapor,  which  is  the  balance 
of  loss  in  volume.  This  fraction  probably  consists  of  all  fractions  of 
the  original  gas,  including  propane  and  butane,  which  go  to  the  com- 
pressor as  uncondensed  still  vapor,  and  are  either  lost  finally  as  un- 
condensed  compassed  gases  or  are  lost  from  the  compressor  conden- 
sate by  weathering. 

(1)  Latent  heat  of  gasoline  recovered.  5,089  (gallons  per  24  hours 
production)  X  5.55  (pounds  per  gallon  of  gasoline)  X  142  B.  t.  u.  per 
pound  (latent  heat  of  gasoline)  =4,010,600  B.  t.  u.  per  24  hours. 

(2)  Heat  added  from  temperature  loss  of  gas.  990.8  (100  cubic 
feet  gas)  X  0.487  (sp.  ht.  of  gas)  X  6.4°  (temperature  loss)  X  97.8 
(pounds  per  cubic  foot)  =392,300  B.  t.  u.  per  24  hours. 

(3)  Latent  heat  of  the  9  per  cent  of  raw  gas,  the  assumed  value  for 
latent  heat  of  raw  gas  being  the  same  as  for  gasoline.  990.8  (M  cubic 
feet  gas)  X  97.8  (pounds  per  M  cubic  feet)  X  142  (latent  heat  gas 
di>solved)  X  9  per  cent  B.  t.  u.  per  24  hours. 

Summary  of  Heat  Balance. 
Heat  added  to  oil 9,956,000  B.  t.  u. 

(1)  Latent  heat  of  gasoline  recovered 4,  010,  600 

(2)  Heat  added  from  temperature  loss  of  gas 392,  300 

(3)  Heat  added  from  dissolved  gas 1,  238,  400 

Heat  accounted  for 5,  641,  300 

Heat  unaccounted  for 4,  314,  700  B.  t.  u. 

» See  table  6,  column  10. 
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The  construction  and  operation  of  the  plant  are  such  that  an  accu- 
rate and  complete  heat  balance  is  unobtainable;  hence  no  satisfactory- 
explanation  can  be  given  as  to  the  source  of  the  heat  represented  by 
the  4J  million  B.  t.  u.  absorbed  in  the  oil  as  it  passed  out  of  the  towers 
and  unaccounted  for  by  the  balance  shown  above.  The  writers  be- 
lieve that  by  far  the  larger  part  of  this  heat  is  the  latent  heat  of 
liquefaction  of  those  fractions  of  gas  and  vapOr  that  are  absorbed  but 
never  reclaimed,  so  as  to  show  in  the  production,  a  large  part  escaping 
in  the  weathering  of  charged  absorption  oil  in  vent  tanks  and  uncon- 
densed  gasoline  vapors. 

Had  it  been  possible  to  measure  carefully  the  exact  increase,  in 
gallons,  winch  the  saturated  oil  shows  per  gallon  of  denuded  oil  in- 
troduced, and  also  the  exact  quantity  of  gas  dissolved  and  removed 
in  the  oil,  the  "  heat  balance  "  would  have  been  more  truly  a  "  balance.' ' 
The  significant  thing  is  that  in  a  low-pressure  absorption  plant  for 
rich  gas,  the  probable  increment  of  heat  gathered  in  the  absorption 
towers  must  not  be  neglected  in  the  original  design. 

The  plant  described  has  had  to  meet  continually  changing  con- 
ditions, as  will  other  plants  treating  casing-head  gas,  and  the  data 
here  given  show  in  what  way  the  conditions  are  met.  As  is  generally 
true  in  the  Mid-Continent  field  the  cooling  equipment  has  not  always 
received  the  proper  attention  and  study  needed  to  keep  it  at  maxi- 
mum efficiency. 
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